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B ctTatTbe TCOPCTHUYUCCKH HUCCIICHYIOTCA IIPOUCCChI 
KOMIVICKCHOM OUMCTKH CTOUHBIX BO, KOTODPBIC 


OCYILECTBIIAFOTCA rupJIAH Tamu BOJIOCAHBIX 
epilen u azpalnen, C yueTOM 
THApOAMHAaMHYeCKOrO COMpOTHBJICHHA eprler 


%7KUTKOMY MOTOKY HW C OllpeyesIeHHeM BPeMeHH 
3anmMnaHua epiuienH. Jina WpoBeqeHuA pacueToB 
(pU3HKO- 


pa3spadoTaHa yupomeHHas 


MaTC@MaTHu4CCKanA MOJICJIb, KOTOpadA 


PacCMaTpHBaeT XUKOCTb, KaK 9JIEMCHTAPHBIe 
*KuUIKNe KyOUKH. OHM pearupyloT Cc BOJOCaMH 
eplleH WU My3bIpAMH BO3Tyxa, 4TO IIPUBOMT K 
yaasleHuto WpumMeceH. B xome UccreqoBaHud 
yCTaHOBJICHO, 4TO Ha CKOpPOCTb yObIBAaHUA 
TIIPMMecUH BJIMACT KOJIM4eECTBO BOJIOC B eJMHUIE 


OObeMa UW MJIOTHOCTH MY3bIPbKOB BO3yxa. Takxe 


yCTaHOBJICHO, Y4TO pH CKOpOoCcTAX TedeHHA 
7%KUIKOCTH Oonee 0,2 M/c oOsK3aTeIBHO 
HeOOXOJMMO Y4HTbIBaTbh THApoOsMHaMuMYeCKOoe 


CONpoTUuBIeHve epmien. IIpensOox#KeHHbIe pacueTHI 
alOT BOSMOXHOCTb OoOee TOUHO NPOeKTHPOBATh 
HOBbIe WU MOCPHH3HPOBAaTb- CyYIIeCTBYIOMMe 
YCTPOHCTBa, UTOOKI MOBbICHTb CTeHeCHb OYMCTKU 
7KUIKONW Cpebl C MOMOIIbIO MpoOlexUBaHHA U 


a3palluu UW OONerYuTb yxoy, 3a HAMM. 


Ks10ueBble CJIOBa: KaMepa OYMCTKH, BOJIOCAHBIEe 


epmlln, aapallna, KU IKHM IIOTOK, 
TMXpoqMnHamMuyeckoe CONpoTHBIeHHe,  BPeMA 
3aJIMNaHHaA. 
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The article deals with the processes of complex 
waste water treatment, which are carried out 
with the sets of hair brushes and aeration, taking 
into account the hydrodynamic resistance of 
brushes to liquid stream with the definition of 
brushes sticking time. The simplified physical 
and mathematical model which considers liquid 
as elementary liquid cubes was developed for 
the calculations. These cubes interact with hair 
brushes and air bubbles resulting in the removal 
of impurities. During the study it was found that 
the number of hairs per unit volume and density 
of air bubbles greatly affects the stepping rate of 
impurities. It was established that it is necessary 
to consider the hydrodynamic resistance of 
brushes for a flow velocity more than 0.2 m/s. 
All the proposed calculations make it possible to 
design new devices and to upgrade the existing 
ones to provide a high degree of purification of 
liquid medium with the help of straining and 


aeration and to facilitate their maintenance. 


hair brushes, 
hydrodynamic 
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BBejenne. CyliiecTBOBaHHe BOJIbI B AOCOJIOTHO 


YQHUCTOM BHC HCMBICJIMMO H3-3a CC BbICOKOU 


pacTBopsromjew cmocodnoctu. IIpupogzHpre u 


CTOUHbIC BOI peCTaBIAIOT COOOM CJIOXKHYIO 
COJ.ep2KallLyto 
OpraHuyeckuve BelleCTBa B 


JIMHAMMYeECKy!O ~=CHCTeEMY, ra3bl, 
MHHepaibHple 
MCTHHHO pacCTBOpeHHOM WIM HepacTBOpPHMOM 
cocTosHuAx | 1]. 

B yaHHOM padoTe Id OYMCTKM CTOUHBIX BO] 
paccmMaTpuBaloTca OUMCTHBIC yYCTpOucTBa, 
IIpeycTaBiarolwue CoOoM KaHall MpAMOYrOJIbHOrO 
Ce4ueHHA, B KOTOPOM Ha OnpesesIeHHOM paccTOAHUH 
YCTaHaBJIMBarOTCA PaMKU Cc epilamu [2], a 10 Hy 
KaHasla IIpOO%KeHbI TpyObl c OTBepcTuaMu [3], 


yepe3 KOTOpble IpomyckaetTca BoO3Tyx (Puc. 1.). 






VICXODHbI- CTOK 


Introduction. The existence of water in an 
absolutely pure form is impossible because of 
its high solvent ability. Natural and sewage 
water represent a complex dynamic system 
containing gases, mineral and organic matter in 
truly dissolved or insoluble state [1]. 

In this work for wastewater treatment we 
consider treatment devices, which have a 
rectangular cross-section in which at a certain 
distance sets of brushes are set [2] and at the 
bottom of the channel there are pipes laid with 


holes [3], through which the air passes (Fig. 1.). 


OunilleHHasd Bora 


Puc. 1. KoHcTpykKuMa KaMepbI C BOJIOCAHBIMH eplliaMu UW aaspallMOHHbIMH TpyOaMH JIA OUMCTKH X2KUKUX MOTOKOB 


Fig. 1. The design of the camera with hair brushes and aeration pipes for liquid flow cleaning 


OuncTKa CTOUHBIX BOX epmiamn. ITporeccst, 
potekaromlue B OWOpeakTOpax OYeHb CJIOKHBI. 
YToObl TpWMeHHTb MeTOAbI MaTeMaTH4eCcKOro 
aHalM3a, pa3padoTaHa cyleyqyrollad ynpolleHHadr 
(DH3H4eCKad MOJIeJIb: BCA X9KUIKOCTb, HAXONAMAACA 
B KaHayle, pas30uBaeTCaA Ha 3JIEMeCHTapHble %KU Ke 
KYOUKH, KOTOpbIe TpH JBYKeHHM M0 KOpHOpy 
OuopeakTopa pearupyloT c BOIOCaMM epllei u 
ITy3bIPbKaMU BO3yxa, 4TO IIPHBOAUT K yasIeHHto 
mpumecen [4,5]. 

Pa3Mep 2%XHKOrO KyOuKa OlpeyesAeTCA UCXONA 
M3 TOTO, UTO B JAaHHBIM MOMECHT C OJHUM BOJIOCOM 
eplia pearmpyeT O2MH  KNAKHH KyOuK [6]. 
IlosToMy OObeM 93JIEMeHTapHOro %KHAKOrO KyOuKa 
paBeH BCceMy OOBeMy YCTpOlicTBa, JeIeHHOMy Ha 
YACIIO BOJIOC B YCTPOHWCTBE. 
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Wastewater treatment with brushes. 
Processes in bioreactors are very complex. To 
apply the methods of mathematical analysis, we 
developed the following simplified physical 
model: all the liquid in the channel is divided 
into elementary liquid cubes, which while 
moving along the corridor of the bioreactor 
interact with hair brushes and air bubbles, 
resulting in the removal of impurities [4,5]. 

The size of a liquid cube is determined on 
the basis that every moment one liquid cube 
interacts with a single hair brush [6]. Therefore, 
the volume of a liquid cube is equal to the entire 


volume of the device divided by the number of 


en 








a= (1) 

Noi 
roe No; — oomlee 4HCIIO BOTOC BO BCeM OOBeMe 
Ouopeaktopa; HH — _ BpicoTta  Kkopuyzopa 
OuopeakTopa, mM; 6 — mMupnHa Kopuyopa, mM; L — 


yyiMHa KOpuyzopa, M. 

Mopmysia (1) MosJry4eHa B IpesAMONO%#xXeHUU, ITO 
paciipezemeHue BOJIOC B OuopeakTope 
paBHOMepHoe. 


J|nmHa peOpa 2*xHKOrO KyOuka OyeT paBHa: 








=(——)3. (1) 
Noi 
BpelleM MOHATHE CpeqHeH MJIOTHOCTH BOJIOC B 
yCTpOucTBe 
N, 
ky = Ol 9 (3) 
HBL 
Tora (opmMysia (2) c yueTOM (3) IpuMeT BUT 
1 
1.3 
a=(—)?3. (4) 
k 
TpaekTopua jJIBYOKeHHA BO3ZYINHOrO KyOUKa 
ompeyesaeTcaA pa3s3MepaMuM KaMepbI O4MCTKH, 
momepeuHou Vi u MIpOOJbHOU V 


COCTABJIAIOIIMMH CKOpOCTH JBYXKeHHA %XKUKOFO 
moToka. CpeaqHee 3HayeHve JIMHbI / TpaeKTOopuHu 
%KUIKOTO KyOMKa B OUMCTHOM KaMepe JIA JIBYX 


TeyveHui ABIACTCA YHUBepCasIbHbIM u 
ollpeyesaetTca POPMYON: 
‘ 
l= L(l+—) (2) 


V\ 


M3 ommcaHuaA ycTpovictBa epiiiew cyleqyeT, 4TO 
yMaMeTp Bouloca MHOrO MeHbINe ero JJIMHbI U 
MOSTOMyY He YUHTbIBAaeTCA BJIMAHHMe TOPIIOB Ha 


apextT 


pacioJlarartoTCa Beepoodpa3HoO IO OKPYXKHOCTH, TO 


39ddeKTUBH YO 
2KUJIKOCTH TpOuepyeHHOH BOJIOCOM B eMHHYHOM 


O4UMCTKH. I.K. BOOCKI B- epme 


BBeJIEM  CPpeJ{HIOIO TIIOWLab 
%KUJIKOM KyOUKe IIpH OJHOKpaTHOM ero Tpoxoye 


yepe3 Bosoc [7] 





Se 


a 2absin a, (6) 


rye a — JimMHa peOpa xXuKOrO KyOuKa, M; b — 


S-journal.ru 


a = ; (1) 





where No, 1s the total number of hairs in the 
whole volume of the bioreactor; H — the height 
of the corridor of the bioreactor, m; B — the 
width of the corridor, m; L — the length of the 
corridor, m. 

Formula (1) is obtained under the 
assumption that the distribution of hair in the 
bioreactor 1s uniform. 


The edge length of the liquid cube is equal to 


I 
HBL.3 
a=(——)3. (4) 
Noi 
Let’s introduce the concept of average hair 


density in the device 
a (3) 


then the formula (2) taking into account (3) 


takes the form 
1 


1.3 
=). 4 
a=) (4) 


The trajectory of the air cube is determined 
by the dimensions of the cleaning chamber, the 
transverse V, and longitudinal V; components 
of the speed of liquid flow. The average value of 
the length / of the trajectory of a liquid cube in 
the cleaning chamber for two currents is 
universal and is determined by the formula: 


fae re) 
ia 


From the description of the brushes, it is 
clear that the diameter of the hair is much less 
than its length and therefore does not account 
for the influence on the cleaning effect. As hair 
in the brushes is arranged fanwise around the 
circumference, we introduce the average 
effective area of the liquid touched by a hair in a 
single liquid cube after a single passage through 
this hair [7] 


S., = 2absin a, (6) 


Pp 
where a is the edge length of the liquid cube, m; 


a 





WIMHAa BOTOCAa eplia; & — yrOu] MexKY BOJIOCOM U 
: Tt 
peOpom kyOuka, u3MeHAIOlMMca OT 0 0 o 


CpeaHee 3HayeHve CHHyca OyjleT paBHO 


TU 





y. 
sin o == | sinadoa = (3) 
TG TU 


Yuuntpisad (7) B (6), MOyIMM 
ab 


Sop =— (8) 


OObemM 
BOIOCaMH IIPH OJHOKpaTHOM IIpoxoyle %*HAKOrO 


29KUJIKOCTH,  WpopearMpoBaBilleh Cc 


KyOukKa, OyeT paBeH 


A4ab 
Von Oe = Oy (9) 
Tt 
rye 6, — TOuMMHa 9PdPeKTHBHOrO NOrpaHu4Horo 


CJIOA XKAUXKOCTH yciieBllleH WpopearMpoBaTb Cc 
BOJIOCOM epliia, M. 

IIpu 9STOM IIpOwCcxXOAMT BbIyeTeHve TpuMecH 
Macca 


colepxKalllenca B KU JIKOCTH. 


BbIJCIMBINeMCA WpHMecH pH OHOKPpaTHOM 
TlepeceyeHHH %KUKUM KYOHKOM TepBoro BoJIOCa 


paBHa 
4ab 
Am — Pep = Po 7 (10) 


rye po — MepBoHadasIbHad MJIOTHOCTh IpuMeceli B 
KMKOCTH, KT/M. 

AOcouIOTHOe H3MCHECHHe IJIOTHOCTH TpumMecel 
B 2KHKOM KyOUKe pu 3TOM COCTaBHT 





Amo Abo 

= _ X 

Ap oO a. y) p QO: ( Il ) 
a TU 

OTHOCHTeJIbHOe YU3MCHCHHE IJIOTHOCTU 


IIpHMecH IIpH ONHOM TepeceyeHHu BOIIOCa 
Apo _ 4b0, 


(12) 


Ey = 

Po Ta 

IIpeqnomaras, 4TO TOUMMHA Ox, 3PdeKTHBHOrO 
CHOA %KUWKOCTH, pearupyrolllero C BOJIOCOM, He 
3aBHCHT OT HOMepa IlepeceyeHHsA 2KU KOTO KyOuKa 


BOJIOCOM, MO?KHO IlOKa3aTb, ITO 


Apo AP APs 43) 
Po Py Pn 
Wi 
E, =E, =...=E,. (14) 


Bpipaxaa OTHOCHTCJIBHOC H3MCHCHHC WIOTHOCTU 
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b is the length of the hair; a — the angle 
between the hair and the edge of the cube, 


varying from 0 to 7 


The average value of the sine is equal to 
TU 





2 
mo] nei (6) 
TQ TU 
Considering (7) in (6), we obtain 
4ab 
5 - (8) 


The volume of fluid interacted with the hair 
in a single pass of the liquid cube, is equal to 
4ab 


=—— 0,. (9) 
TT 


Ver = S cpO x 


where o, 1S the thickness of the effective 
boundary layer of the fluid which had enough 
time to interact with the hair, m. 

In this case the impurities contained in the 
liquid are separated from it. The mass of the 
separated impurities in case of single passage of 
the liquid cube through the first hair is equal to 


Aab 
Am = Poop = Po eo! (10) 


where po — the initial density of impurities in 
the liquid, kg/m’. 
The absolute change in the density of 
impurities in the liquid cube will be 
Am, 4bo 
Ai, == (11) 


a” ma’ 


The relative change of the impurity density 
at a single passage through the hair is 
Apo _ 4bo, 


Eo = 5) 


(12) 
Po Ta 

Assuming that the thickness o, of the 
effective fluid layer, interacting with the hair, 
does not depend on the liquid cube passage 


number, it can be shown that 


Apo APL MPa 19 
Po Pi Pn 
or 
fy = £, =...= E,. (14) 


Expressing the relative change of the 


—— 
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ipuMech B  Ka@KJIOM t[epeceyeHunH 4epe3 


OTHOCHTCJIBHOC YU3MCHCHHE IWJIOTHOCTU K 


MlepBOHAaYaJIbHOH, HalieM, 4TO 


Pn _(-£,)", (15) 
Po 
rye n — 4nCcO TepeceyeHuhi %#uAKOrO KyOnuKa 


BOJIOCaMH epliien. 
YroOsl 
MOACYUTAeM UMCIO BOOC, KOTOpble MoMaqarwT 


BHYTPb 
TpaeKTOpuu KOTOpOM paBHa J. YMHOxHKUB (5) Ha 


BbIYHMCJIIMTB HWOKaA3aATCJIB CTCICHH Ni, 


oObeMa %XKHAKOM TpyOKu, WIMHa 


2 
WIOWaTb WOMCPCIHOLrO CCYCHUA a , TOJTYIHM 


| 
n= Lk(3 (+ any 
| 
Yuntpipasa (16) B (15), HatiqemM 


(16) 


Lk (44) 
Pa —(1-E,) 7 
Po 


Anau3upya 3TY POpMysJIY MO2%KHO OTMETHTS, 


(17) 


4TO YU3MCHCHHE IJIOTHOCTH lipumecerti B 


OuvopeakTOpe yMeHbillaeTca HO CTeIMeHHOMY 
3aKOHY, B KOTOPOM OCHOBaHHeM CJIYKUT 4HCIIO 
MeHbIUe eCHHHIbI, a B MOKa3aTelb BXOJUT 
Oe3pa3MepHad BeUIHYMHA, 3aBUCAINAad OT IJIOTHOCTU 
BOJIOC B KaMepe peakTopa, ero JIJIMHbI UM CKOpocTu 


MBYXKCHUA KUTKOCTH. 


OuncTka a9gpauMew. Kpome Toro B 
paccMaTpMBaeMOM CJIydae %KMJIKOCTb HacbillaerTca 
KHCJIOPOOM JIA MOWepxKaHvA %KH3HH KOJIOHMM 
OakTepHw Ha BOOCax epmia u aspamnu. [Ipu 
IpOXOKTCHHH ~=BO3JTYMIHOTO 


y3bIpa 4epe3 


QJIEMeCHTapHbIM KU AKYH KyOMK Ha_ TOJMMMHE 


BOKpyIr 
lipumMeceiB 


MOlMpaHCJIOA ITy3bIpbKa IIDOHUCXOJIUT 


OKUCJICHUCS MKUAKOCTH, 4TO 


CIIOCOOCTBYeT BbIJeJICHHIO HX B OCAJIOK. 
Macca BbIJ[CIMBINeHCA mpumMecu mIpu 
ONHOKpaTHOM [lepeceyeHHU Ily3bIPbKOM BO3/lyxa 


%KUKOLO KyOukKa paBuHa [8] 


Amo = 107a0 Pq; (18) 
rye 62 — JMaMeTp BO3YIUIHOLO y3bIps, M; 6 , — 
TommMMHAa 93XdeKTHBHOrO orpaHcuoax BOKpyr 
IY3bIpA, M. 


AOcomroTHOe H3MeHeEHHe IJIOTHOCTH MpumMecel 
B 2KHKOM kKyOuUKe IIpH OHOM TepeceyeHuu 
COCTaBUT 
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impurity density in each passage using the 
relative change in density to the initial one, we 


find that 
Pi Ga By" 
Po 


where 7 is the number of passages of a liquid 


(15) 


cube through hair brushes. 

To calculate the exponent n, we calculate the 
number of hairs that get inside the volume of the 
liquid tube, the trajectory length of which is 
equal to /. Multiplying (5) on the cross-sectional 
area a’, we receive 


1 
n= Lk(3 (1414), 


(16) 
| 
Considering (16) in (15), we find 
0 Lk 44) 
—=(1-£)) I (17) 


Po 

Analyzing this formula we can note that the 
change in the density of impurities in the 
bioreactor decreases by power law, where the 
basis 1s the number less than one, and the 
indicator includes a dimensionless’ value, 
depending on the density of hair in the reactor 
chamber, the length and the speed of movement 
of the liquid. 


Purification by aeration. Also in this case, 
the liquid is saturated with oxygen to maintain 
life of bacteria colonies on hair brushes and 
aeration. At the passage of an air bubble through 
an elementary liquid cube at the thickness of the 
boundary layer the oxidation of the impurities in 
liquid around the bubble’ occurs, which 
promotes their sedimentation. 


The mass of the separated impurities in case 
of a single passage of an air bubble through a 
liquid cube is equal to [8] 


Amo = T07a0 Pq; (18) 
where 60> — the diameter of the air bubble, m; 0 
z — the thickness of the effective boundary 


layer around the bubble, m. 
The absolute change in the density of impurities 


in the liquid cube at one passage will be 


— 





Amp — 1050 
Apy =~ =—4= Po. (19) 
a a 


OTHOCHUTesIBbHOe W3MeHeHHe IIIOTHOCTH 
IIpHMecH B 2%XHKOM KyOHKe TIP OHOKpaTHOM 


TlepeceyeHHH Iy3bips 


a 


IIpopeqa pacueTbl aHasIOrMuHbie TeM, 4TO 
IpoyewaHbl JIA ciyyad c epiiamMu m0 dopmysiaM 


(11)-(15) nomyaum 


Pm —(1- Ey)”, (21) 
Po 
rye m — 4ncNO MepeceyeHu %#XUAKOTO KyOuKa 


BO3JLYUIHbIMH Iy3bIpaMu. 

IIpopoya asibHeMlyko aHaNOrutO MOZOOHO 
(bopmysie (16) AJIt BOJOCAHBIX epiliei, BBIYHCIMM 
WOKa3aTelib CTeMeHH 


m= L204 v,> (22) 


Ki 


rye kz — cpeJHAA MWJIOTHOCTh Ty3blpe B eMHUIe 
Noo 
HBL 
C yyetom (dopmysb (22) BbIpaxeHue (21) 


oObema, k, = 


IIDMMeT BUTT 





k V 
L—2,(14-+ 
vA ve 


| 
Pm —(—E,,) | (23) 
Po 
CoBmecTHoe BJMAHHe IpolecKMBaHnn Hu 


aapaunn. B  cOBpeMeHHBIX OnNOpeaKTOpax 


IIpOWeccbl TpowexkKuBaHuA UW adpalluH UYT 
OJHOBpeMeHHO, TOSTOMy MopMysIbI (17) u (23) 
HeOOxoJMMO OOBeXHHUTB B OHY. PaccmMoTpuM 
IIPOILecchl, 


wayume He OJHOBPeMeHHO, a 


mocweqoBatesbHO. IIpu tTakom moyxoye Bce 
TaBHble (aKTOPbl Y4HThIBAIOTCA, HO BIIMAHME 
OJHOLO ABJICHUA Ha pyroe He y4auTpIBaeTca [9]. 


Ilepernmumiem dopmyst (15) u (23) B Bue 
Pn =PoU— Ep)", (24) 


m— p,(l—Eg.)”. (25) 
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Amy — 1050 
App =—3- =~ Po. (19) 
a a 


The relative change in the density of 
impurities in the liquid cube at one passage will 
be 
Apo _ 7528. 

Po a 


i (20) 
Having carried out the calculations similar to 
those which were done for brushes by the 
formulas (11)-(15) we get 
Pm = (1- Ey)”, (21) 
Po 
where m is the number of crossings of a liquid 
cube by air bubbles. 
Continuing this analogy, like the formula 
(16) for hair — we calculate the exponent 


B+ vj (22) 
“eg 
where kz is the average density of bubbles per 


Noo 
HBL 
Taking into account formulas (22) the 


volume unit, k, = 


expression (21) will take the form of 
Pm (Ey) 4". (23) 


The joint effect of straining and aeration. 
In modern bioreactors the processes of filtration 
and aeration go simultaneously, therefore the 
formulas (17) and (23) must be combined into 
one. Let us consider the processes which take 
place not simultaneously, but sequentially. At 
this all the key factors are taken into account, 
but the influence of one phenomenon on another 
is not taken into account [9]. 


We rewrite the formulas (15) and (23) in the form 
Pn =PoU—-£)”, (24) 


m = Pn(— Egy)". (25) 





Ilocne mpolexxuBaHHA CKBO3b BOJIOCAHBIe epmiu 
XKUJIKOCTb C TIJIOTHOCTBIO TpuMecH P, MWocTymaer 


Ha aopaliuio. 


Pm =PoU— Ep)" Epp)”. (26) 


YunTbiBat n M, 3alMlteM OKOHYWATCJIBHYFO 


(bopmyrry. 
k V 
Li (4) . 3 os v, ) 
Pin = Po(l— Eo) ' -Ep)) “ . (27) 
Mopmyuia (27) IIpeCTaBILAeT coool 


IIpOM3BeeHHe JBYX MOKa3aTeJIbHbIX (yHKUM, B 
KOTOPBIX OCHOBaHHAMU ABJIAIOTCA 4UMCJIa MeHBIIIe 
CMHUIIb, a WOKa3aTeyM cTeneHu OovbIITe 
eMHUUbI. AHaIM3UpyA JaHHOe BbIPAxKeHHe MOXKHO 
CKa3aTb, 4TO Ha CKOPOCTb yObIBaHHA TpuMecu 
CHJIbHO BJIMACT KOJIMYeECTBO BOJIOC B eMHUIEe 
OObeMa H LJIOTHOCTh Ily3bIPbKOB BO3yXxa. 
UncJIeHHbie NPHMepbl pacueTOB peaJIbHbIx 
ycTpoicTsB. Ilo dopmynam (17) u_ (23) 
BBINOJIHCHbI UACJICHHbIC PpacueTbI 3aBHCHMOCTH 
OTHOCHTeJIBHON MJIOTHOCTH MpuMeceH B MOTOKEe 
OT CpeqHeH MIOTHOCTH BOIOC UH MIOTHOCTH 
my3bipenw (Puc. 2 u 3). PaccmotpuM ouMcTHoe 
coopyxKeHHe B Bue KaHasla WIMHOM L=10;15;20 


M IIPAMOYrOJIbHOrO ceyeHuA MIMpHHOoU B = 3 Mo, 


BbicoTOH H = 2 mM, 4ucNOM Bosloc No; = 10°, 
OTHOMIeCHHeEM CKOpOCTeH HposOUbHOTO HU 
MOMepeuHoro Te4ueHHA V/V = 0.1, 
OTHOCHTEJIBHBIM W3MeCHEHHeM IIJIOTHOCTH 


IIpMMecH B 2%KHJIKOM KyOuKe IIpH OJHOKpaTHOM 
TepeceyeHnu Eg; = Ego = 0.01, HauanbHon 


vw 3 
IWIOTHOCTH IIpHMeceH Po = 5 KI/M’. 
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After straining through hair brushes liquid 


with a density of impurities SI p, 1s supplied to 


aeration. 


Pm =Pod-Ey)"(I-Eg)". (26) 
Taking into account n and m, we write 


down the final formula. 





L A (414) 


Lk/3 (++) 
(27) 


Pm=Pol-Eo) || (= Ey) 

Formula (27) represents the product of two 
exponential functions, in which the bases are 
numbers less than one, and exponents are 
greater than one. Analyzing this expression we 
can say that the rate of the impurity decrease 


strongly affects the number of hairs per volume 


unit and the density of air bubbles. 


Numerical examples of real devices 
calculations. According to the formulas (17) 
and (23) the dependences of the relative density 
of impurities in the flow on the average hair 
density and the density of bubbles are calculated 
(Fig. 2 and 3). Let’s consider the treatment 
facility as a channel of L=10;15;20 m length of 
rectangular cross section with the breadth of B = 
3 m, the height of H = 2 m, the number of hairs 
Noi = 10°, the ratio of the velocities of 
longitudinal and transverse flow V/V, = 0.1, 
the relative variation of the impurity density in 
the liquid cube with a single passage E'9; = Eoo 
= 0.01, the initial density of impurities 9 = 5 


kg/m”. 


ar 





0.2 


0.1 Lt 
Re tes ee 


1x10) 2x10 al? dl Sl 10x10? KI 


Puc. 2. 3aBMCHUMOCTb OTHOCHTeEJIbHOM KOHI[CHTpalluu IpuMecet OT MOTHOCTH BosIOc: | — L=10™; 


2— L=15M; 3—L=20™M. 


Fig. 2. The dependence of the relative concentration of impurities on hair density: 1 — L = 10m; 2— L = 15m; 


3—L=20m 





4 


Sxl Axl” A510" dO SLO a 


Puc. 3. 3aBHCHMOCTb OTHOCHTEIbHOM KOHI[CHTpallnu IIpuMecet OT MOTHOCTH Iy3bIpen: | — L = 10 Mm; 2 — 


L=15m; 3 — L=20m 


Fig. 3. The dependence of the relative concentration of impurities on bubbles density: 1 — L = 10 m; 2 — L=15m; 


V3 pucyHka 2 BUAHO, YTO CTeIeHb OYNCTKU 
OObeM KaMepbl TIpu 


3 — L=20m 
Figure 2 shows that the degree 


3a]laHHon purification depends on the volume of the 


MIOTHOCTH BoTOc. IIpu cpeqHew NIOTHOCTH BOsIOC 
kj = 2*10° m> KomMueCTBO H3BIeueHHON lmpumMecu 
OyleT OOUbIIe B OYMCTHOM COOpyxKeHHU IMHO 
20 M, 4eM B-  OCTAJIBHBIX. Jia OCTwKeHHA 


chamber at the given hair density. At the 
average hair density kj = 2*103 m~ the amount 
of the extracted impurities will be more in the 
cleaning facility with a length of 20 m, than in 
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aAHAJIOTMUHBIX pesyJIbTaTOB B KOHCTPYKUHAX 


MeHbIUen AJIMHbI HeOOXOJMMO YBCJIUGUTh 


IWIOTHOCTb BOJIOC. 


Yuet PHApOtTHHaMudecKOroO COMPOTHBJICHHA. 
IIpu mpoxoxqeHHH %KUAKOCTH 4epes paMKU C 
CpiltaMu IIPOUCXOJUT TOPMOKCHHC KUTKOCTU 
BCJICICTBHC TpCHHA O Cpuin, IIpu ITOM CKOPOCTH 
V. wu V, yMeHbItatoTcaA WM Wpomecc OYMCTKH 
Tpyo, 
BO3SHUKAeCT 


3aMeyIAeTCH. 3a cC4eT adpal[MOHHBIX 


IIpOJIOKCHHBIX TO JHY KaHasia, 


3ddext, 


COCTABJIAIOLLYEO 


OapOoTaxKHbIi KOTOPbIM COXpaHAeT 


TOMepe4uHyto cKopoctuw. A 


UTOOBI KOMITCHCHUPOBaTb YMCHbITICHHe 


IIPOJOJIbHOH CKOPOCTH, HyXKHO JleIaTb KaMepy C 


HaKJIOHOM. 
Ji pacueta ru pouMHaMuyecKoro 
COIMPOTHBIICHHA, OKa3bIBaeMOro epliaMu, 


paccMOTpHM CiJIeYyIOWlylo (u3nH4eCKy!O MO/JIelIb 
B3AMMOJICHCTBHA 2KUAKOCTH C TMpJIAHAaMu epien: 
BeCb 2KHJIKUM MOTOK pa300beM Ha IIpaAMOYrOJIbHbIe 
Napassenenuneybl MO BbICOTe paBHbIe JVIMHe 
TMpIIAHAbI UW Ha WpuMepe B3aMMOJeEMCTBHA OJHOTO 
TaKOrO Mapaswienenuneqa Cc TMpNAHOW epiier 
MOCUHTaeM BeIMYMHY MOTepb MOCTyNMaTeIbHOrO 
JIBKDKCHUA MOTOKA. 

JIoO60B0e CONpOTHBJIeHHe THMPJIAHbI Cc epllaMu 
olpeyesuM 10 dopmysie [10] 


pv" 
R, = Cz a (28) 
rHe Pp — ITIOTHOCTbh MKU]IKOCTH, KT/ M; Vv 
CKOpOCTb TeYeHHA 2KUAKOCTH, M/c; S$ — TIOMayb 


BepTHKasIbHOrO MOMepeyHOrO Ce4YCHUA FUPIIAHJIbI C 
epuiamu, mM’; C, — Kkooddunuext compoTupmeHus, 
3aBMCAMIMM OT UMCa PenHoubACa, OmpezeuAeMOro 
mo (opmMysre 

_ vd 
a 
37ecb d — JMaMeTp IMpJIAHbI C epliaMu, M; Vv 


Re (29) 


— KHHeMaTH4ecKad BA3KOCT Cpesbl, M“/c. 
Ilepenay BbICOT KaMepbI Ha BxOJle UH BBIXOe 

OlpeyeIMM W3 pa3sHOCTH NOTeCHIMaIbHOM 9HeEpruu 

Ha BxoOyle HW BbIxXOe MH BeJIM4YMHE MOTepb IHeEpruu 


Ha TpeHue 2%KUAKOFO MOTOKA O BOJIOCHI eprren: 
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the other. To achieve the same results in 
constructions of smaller length it 1s necessary to 
increase hair density. 


Hydrodynamic resistance consideration. 
When the liquid passes through the frame with 
brushes the inhibition of the fluid due to the 
friction on the brushes occurs, and the speeds 
Vand V; are reduced and the cleaning process 
slows down. Due to the aeration pipes laid along 
the bottom of the channel, there is bubbling 
effect 
component of velocity. And in order to 


which preserves the  transversive 


compensate the decrease of the longitudinal 
velocity it is necessary to make a camera with a 
tilt. 


To calculate the hydrodynamic resistance of 
brushes, let’s consider the following physical 
model of the interaction of the fluid with the 
sets of brushes: the entire liquid flow can be 
divided into rectangular parallelepipeds which 
height equals the length of the set. On the 
interaction example of one such parallelepiped 
with a set of brushes let’s count the loss value of 
the translational motion of the flow. 

Let’s define the head resistance of a set of 
brushes by the formula [10] 


R, =C, prs (28) 
where p is the fluid density, kg/m’; v — velocity 
of the fluid flow, m/s; S — area of the vertical 
cross section of a set of brushes, m7’; C, — 
resistance coefficient which dependents on the 


Reynolds number, defined by the formula 


_ vd 
— 
Here d is the diameter of the set of brushes, 

m; v is the kinematic viscosity of the medium, 

m’/s. 

The elevation difference of the camera on 
the entrance and exit we define as the difference 
of potential energy at entrance and exit and the 
magnitude of energy losses due to friction of the 
fluid stream on brush hair: 


Re (29) 


— 





ps 
pa7bgh =C, a", (30) 


rye a = 2b — mpeyctapiaert codoh cTropoHy 
IIPAMOYFOJIbBHOTO Hapaswienennieyra, 
IlepeceKarollero TupIAH Ty c epliamu, M; b — 
TWIMHa TMpIAHbI, M; g — yCKOpeHve cBOOOAHOrO 
ayeHHa, o/c’: h — tlepentiayy BBICOT, M. 

V3 dopmynsr (30) nomnyauM Ia BBbICOTHI 
llepenajyja, KOMMNeHCHpyrollen THApOTMHaMuUyeckue 


MOTepH BbIPaxKeHHe 
h=C,—. (31) 


3HaueHve BbICOTHI Mepelaqa U yIrIOB HakIOHAa 
KaMepbl JIA pa3JIM4HbIX 3HAYeHHH CKOpOocTeH 
MOTOKa IIpH paccTOAHHM MexKy pamKamu | = 0,08 
M ipuBeyeHbl B TadOmuue 1. BenuunHa H 


o0o3HayuaeT BbICOTY HaKJIOHa WHa KaMepbli 


peaktTopa mpu L = 10M. 


2 
pa°bgh =C, =a", (30) 
where a = 2b is a side of a rectangular 
parallelepiped that intersects the set of brushes, 
m; b — the length of the set, 








gravitational acceleration, m/s°; 
difference, m. 

From the formula (30) we get the expression 
for the height difference, which compensates the 


hydrodynamic loss 


v2 


h=C,. ve (31) 

The values of the height difference and 

tilting angels of the camera for different flow 

rates values when the distance between frames 

is /= (0.08 m are given in table 1. The value H is 

the tilt height of the chamber bottom of the 
reactor at L = 10 m. 


Taosutita | 
Table 1 


3Ha4eHHe BbICOTHI Wepeitlaya HW YIJIOB HAKJIIOHA KAMCDbI 


The value of the height difference and tilt angles of the camera 


tm | oe fe] |e 
8* 10° 320 1,5 5*10° 0,003 | 0,00006 | 0,0006 
a) ere | eee ee | ee | 


2 | S*10" |] 2000 pl | 127510" | 0,09 | 0,0016 — | 0,016 
8*10° 3200 1 3,26*10° | 0,23 0,004 0,04 
a ee ee eee ee ee 


4800 
6000 


1,2*10° 


Ffersar [ose | aor ao 
[= 





IIpu MaJIbIX CKOPOCTAX TCUCHHYA *HUTKOTO 


OTOKa epliu OKa3bIBalOT HeOoIbIWIo0e 
CONpOTHBJIeHHe HM erO MOXKHO He YYHTHIBATb, HO 
pH ckopoctax Oonmbumx 0,2 M/c conpoTHuBseHHe 
OIYCTHTb Hesb34 [3]. 

Yuet 3asnnmanua epmen. [pu npoxoxazenun 
BOIOCAa epllla Yepe3 2%XUAKHM KYOUK 4acTb TBEPJBIX 
lIpHMecev, HaxOJIAMIMXCA B HEM OCeaeT Ha BOJIOC. 
IIpennoso02%xKuM, YTO OOTeKAHHe X%KUKOCTbIO BOJIOCa 


JIaMUHapHoe, TOVa C BOJIOCOM OyeT pearupOBaTb 


S-jyourna 


At low fluid flow velocities brushes have 
small resistance and it can be ignored, but at 
velocities larger than 0.2 m/s the resistance 
cannot be omitted [3]. 


Brushes sticking consideration. When a 
brush hair passes through a liquid cube part of 
the solid impurities in it settle on hair. Let’s 


assume that the hair flow of liquid is laminar 





TOHKHH CuIOM 


3addekTHBHOK 


%KUKOCTH = C 
TommuHON Ado. byyemM cunTaTb, 4YTO BCA TBeEpaA 
IIpMMecb, HaxoallaicAd B coe, HaMmaeT Ha 
BosIoc. Ee Macca B TOHKOM CjI0e paBHa 
Mg = AdpSoPo- (32) 
37eCb CpeTHAA NTOMAaTb, IpOpesaemad BOJIOCOM 
B 2KHKOM KyOukKe, So ompeesmaeTca 10 POpMyse 


4ab 
‘= iat | (33) 
Tt 
OObem OceBIlew NpuMecu paBeH 
AV) =, (34) 
Pr 
re pr — MOTHOCTh WpuMecHh B_ TBepJOM 


3 
COCTOAHMM, KT/M’. 


IIpu tmepeceyeHuu BOJIOCOM n-OrO XAAKOTO 
KyOUKa BbIeMBIMIAaACA Macca OyjeT paBHa 


M =nmp. (35) 
A ee 00beM 
A 
V, _M _ nt AySoPo (36) 
Pr Pr 
Bripa3uM oOObeM 4HCTOrO BOOCa 4epe3 
reoMeTpHyeckHe pa3Mepbl B BHC oObeMa 
IWIMA Apa 
2 
Vo= a, (37) 


4 
rye Bo — WMamMeTp 4ucToro BosIOca, M; bg — 
JIMHa YHCTOFO BOsOCA, M. 
Torga OObeM 3arps3HEHHOrO BOOCAa OyeT paBeH 


v= Fi b,. (38) 
rye 

B, =Bo + 2AB,,, (39) 

b, =by + AB,. (40) 


3necb ABo — ToIMMHa CIO MpuMecH, M. 

IIpeqnor0x%xUM, 4TO TOMMMHA COA WpuMecn, 
OceBleH Ha BOJIOC, Be3qe OMHakoBa. Torya 
IOJHbIM OObEM rpsA3HOFO BOOCAa OIpeeuAeTCA 10 
(bopmysie (38). 

Yutem (39) u (40) B (38), momay4auM 
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then the hair will interact with a thin liquid layer 
with an effective thickness of Ady. We assume 
that all the solid impurities in the layer stick to 
the hair. Its mass in a thin layer is then 


Mp = Aap SoPo- (32) 


Here, the average area cut by a hair in the 
liquid cube, So is determined by the formula 


ey (33) 
TU 


The amount of settled impurities is equal to 





AV, =—", (34) 
Pr 
where pr — the density of impurities in the 


solid state, kg/m’. 
At the intersection of a hair of the n™ liquid 
cube the released mass will be equal to 


M =nmp. (35) 
And its volume 
V, = M a nAaySoPo . (36) 
Pr Pr 


Let’s express the volume of a clean hair 
using the geometric dimensions in the form of a 
cylinder volume 

2 
Vo= TO py, (37) 

where Bo is the diameter of a clean hair, m; 
bo — the length of a clean hair, m. 

Then the volume of a contaminated hair will 





be equal to 
2 
TB 
V, =— D,, 38 
where 
Bn =Bo +2AB,,, (39) 
b, = bo “-F AB,,. (40) 


Here ABo — the thickness of the layer of 
impurities, m. 

Let’s assume that the thickness of the layer 
of impurities on the hair is the same 
everywhere. Then the total volume of the dirty 
hair is determined by the formula (38). 

Let’s consider (39) and (40) into (38), and 
obtain 


9 _ — 
y OO 





7 (Bo +248, )° B+ AB.) =Vp. (41) 


BbinouHHMB MaTeMaTH4YeckKHe NpeoOpa30BaHHa U 


yUnTHIBAaK (36) u (37), TOyIMM 


7 (Bo +248, )° B+ AB) =Vp. (41) 


Having done the math and taken into account 
(36) and (37), we obtain 





b ns 
AB? + AB? (By +) + AB, Pog, +2by) = OP Aap. (43) 
2 4 2TP ry 
Bpojia HOBbIe OOO3HadeHHA B (43), NOyIMM Introducing the new notation in (43), we obtain 
G=na, (44) G =na. (44) 
rae where 
o, = 20P0 ay. (45) eee (45) 
2npr 2hPr 
Brrpa3umM n-4ucI0 KM KX KYOUKOB, Let’s express n-number of liquid cubes, 
TlepecekImMux jJaHHbI BOIOC, Yepes BpemaA crossing this hair, through the sticking time fg, 


3anMnaHua tsa, HU BPeMA TWepeceyeHuA OHOrO 
KyOMKa BOJIOCOM epia fixe. 


n= , (46) 
Lxy6 
rae 
hos = — (47) 
cp 
3HeChb Vep — CpeJIHAA CKOPOCTbh JIBHOKeHUA 


2KUNKOTO WOTOKAa, M/C: 


Vey = Nyy + oe (48) 


IIpeoOpa3yem BbIpaxeHue(46), yauTpiBaa (47) 
uw (48), Mouy4uuM 


f 
n= Iw +vi. (49) 
n 
V3 dopmys (49) u (44) umeem 
G a 
oe (50) 
oO | 2 2 
vi = Vy 
IIpupeqemM UHCIICHHEIM pacueT BpeMeHH 
NOJHOTO 3aJIMNaHWA =BOOC §86epiiieh)§=s pu 


CeyIOIMx WapaMeTpax MOTOKa UW epmlen: Adg = 
10° M, po = 10 kr/m’, pr = 10° xr/m’, ABnpex = 10° 
mM, ABo =2,5*10° M, bo = 8*10° mM, a = 1,3*10° 
m upu k; =0,5*10° mM’, Vi = Va = 6*10° m/c. 
Pe3yJIbTaTbI IpHBeeHbI Ha pucyHKe 4. 
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and the crossing time of one cube by a brush 


hair t iyo. 
t 
n=, (46) 
Lky6 
where 
a 
Dye ————. (47) 
Vien 


Here v,, is the average speed of liquid flow, 


m/s: 
Vep = hy + ae (48) 


If we convert the expression (46), taking into 
account (47) and (48), we get 


t 
n= 2h Ny tvt. (49) 
n 


From formulas (49) and (44) we have 


t _G, a (50) 


3a oO pete 

Let’s perform a numerical calculation of the 
time of full sticking of brushes hair with the 
following flow and brushes parameters: 4ag = 
10° m, po = 10 kg/m’, pr = 10° kg/m’, ABrpex = 
10° m, ABp =2.5*10" m, bo = 8*10° m, a = 
1.3*10° m upu k; = 0.5*10°m’, Vi = Va = 
6*10° m/s. The results are shown in figure 4. 








La 
j= 
a 
= 
Lt 


20 2 30 AB... meat 


Puc. 4. 3aBucHMOCTb Cpoka CIy2KObI PUJIbTpa OT TOMMIMHBI COA IpuMecu 


Fig. 4. The dependence of filter lifetime on thickness of the impurity layer 


M13 rpaduka cyleytyeT, YTO HapacTaHue MpuMecu Ha 
BoIOcaxX epllla mpeycTaBeHo mnapadommueckon 
KPHBOM, MO KOTOPOH MOXHO pacc4HTaTb CpOK 
cryxKObl (dusbTpa. Ecam paccrosHue Mex Ty 
eplamMu cocTaBsIaeT MOpsyKa 0,03 M, TO Mporecc 
3apacTaHHa 3aMMeT OKOIIO 1,5 Mecatia. 

PalvOHaJIbHOoe pacnoloKeHHe paMoK Cc 
BOJIOCHHBIMH epllaMH B KaMepe JI OUMCTKH 
CTOUHBIX BOX. Korga IMJIOTHOCTb BOJIOC B 
yYCTpolcTBe OMHaKOBa 0 BCeMy OOBeMy, Ha 
epBble paMKH Cc epmlamMH oceaeT OoJbIIe 
IIpHMecH, 4eM Ha OcTasbHble. UTOOKI OOecMe4UTb 
paBHOMepHyto Harpy3ky 110 BCeMy OObeMy KaMepbl 
IIpeAMOIOXKXUM, 4TO MJIOTHOCTh BOJIOC 3aBHCHT OT 
JJIMHbBI KaHalla x. Ecnw Ha Kkoopaunate ¥ 
IIIOTHOCTb BOIOC paBHa r7(X), TO Ha BCeM y4acTKe 
nym or O yo x 4ucnHO BONOC OyeT paBHO 


uuTerpany OT r7(xX).Torga dopmysa (17), upumMer 


BU 
‘ (4) fn (ade 
FE=(1-By) “Vo, (51) 
Po 

rye Px __ cpenens oTHOCHTebHOrO 3a ps3HeHuA 

Po 
Ha koopluHate x; ri(x) — Oe3pa3MepHasa 


IIOTHOCTb BOJIOC BAOJIb KOOPAMHATHL X. 
BarjetuM B dopmyne (51) Benw4HHbI, He 
3aBUCAlMe OT X M OOO3HAYMM HX B BHT e 


(4) 
G=(1-E)) ", (52) 
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From this it follows that the buildup of 
impurities on brushes hair is presented as a 
parabolic curve, using which one can calculate a 
filter lifetime. If the distance between the 
brushes is about 0.03 m, then the buildup 
process will take about 1.5 months. 
Rational location of frames with hair brushes 
in chamber for wastewater treatment. When 
hair density in the device is the same throughout 
the volume, more impurities settle on the first 
frame. To ensure uniform loading throughout 
the volume of the chamber we assume that the 
density of hair depends on the length of the 
channel x. If on the x-coordinate the hair density 
equals r;(x)., then on the entire section of the 
path from 0 to x the number of hairs will equal 
the integral of r;(x).Then the formula (17), takes 
the form 

aes 


wea By) 8 GD 
0 


where ?* the degree of relative contamination 
Po 
on the x coordinate; rz(x) —dimensionless 
density of hair along the coordinate x. 
Let’s take in the formula (51) the values that 
do not depend on x and write them down in the 
form 


(4) 
G=4-m) ", (52) 


> @) 
OO 








Tora BbIpaxeHHe (51) mpuMerT BUT 


Xx 


| i (x)dx 
Px _ 70 5 
—=G , (53) 
Po 
Tak Kak paBHOMepHad Harpy3Ka MpeCTaBsIAeTCA 
JIMHCHHON 3aBUCHMOCTbW, TO 


Px —1_By, (54) 
Po 
Yuntpipas (54) B (53) 
eee 
1—Bx =G° : (55) 


IIponorapndmMupoBaB uu TposnddepeHiupoBas, 
TOJTY4HM 


—*_(-p)=InG* K(x). (56) 
1-—Bx 
Bsipa3uM 1 (Xx) 13 (56) 
B 
‘10.9 ¢—<.... ee 57 
(=~ T_BoinG — 
BpmosHeHbl (57) 4HCICHHbIe pacueTBl 


3aBHCHMOCTH YBeJIMYCHHA IWIOTHOCTH BOJIOC TO 
aumMHe. PaccMOTpHM OYMCTHOeE COOPy?KeHHe B BUTE 
KaHasla IIpAMOYTOJIBHOTO CeyeHuA WIMpUuHON B= 3 
M, BbICOoTOH H = 2 M Cc Ha4yasIbHOM TJIOTHOCTbIO 
lipuMecett Po =5 kr/M?, OTHOMICHHeM CKOpocTer 
IIpOAONbHOrO WH MOMepeyHOrO TeYeHHA %KUIKOCTH 


V/V /= 0,1. 
PucyHok 5  0Ka3bIBaeT, KaK j{OJDKHAa 
YBeIMYMBaTbCA IIJIOTHOCTb epmeni TIpu 


YBCJIMUCHMH JJIMHBI. 


then the expression (51) takes the form 


Xx 


0 [4 (x)dx 
i =G?° ; (53) 
0 
Since the uniform load is represented by a 
linear dependence, then 


Px —1_By, (54) 
Po 
Taking into consideration (54) in (53) 
(Pere 
1—Bx=G° ; (55) 


Having taken the logarithm and differentiated, 
we get 


1 
Let’s express rz(x) from (56) 
_ iB 
a="? mr 


We have performed (57) the numerical 
calculations of the dependence of hair density 
increase along the length. Let’s consider a 
treatment facility in the form of a rectangular 
channel of width B = 3 m, height H = 2 m with 
an initial impurity density of pg = 5 kg/m’, the 
ratio of the velocities of longitudinal and 
transverse flow V,/V/= 0,1. 

Figure 5 shows how the brushes density 
should increase with the increasing length. 





Puc. 5. 3aBMCHMOCTb yBesIMYeHUA TJIOTHOCTH BOJIOC TO JIMHe KaHasa: 
1—B=0,9; 2—B =0,7;3 —B =0,5 
Fig. 5. The dependence of hair density increase along the length of the channel: 
1—B=0.9; 2—f =0.7;3— BP =0.5 
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Tak, Jit KaHalla, IpOT#2%KeHHOCTb KOTOPOrO B 
Ba pa3a IIpeBbIIaeT BbICOTY, IWIOTHOCTb epller 
OcTaeTca lpakTH4ecKH HeH3MeCHHOH 0 BCeMYy 
oObemy. B WHbIxX cilyyaix OHA CYIIIeCTBeHHO 
YBeCJIMYMBaeTCA B KOHILC OUMCTHOIO COOPyxKeHHA. 

IIpumep pacuera O4NCTHBIX KaMep C y4ueTOM 
BbIMeNPHBeJeHHbIX WpoweccoB. Jit pacuera 
apaMeTpOB O4HCTHbIX COOpyxKeHHH BO3bMeM 
X%KUJIKOCTbh C HavaJIbHOW KOHICHTpallwen TMpumMecu 
oo = 10 xr/M? u Hporlyctum ee 4epe3 O4YNCTHOe 
coopyxeHive WMHOK L =5 mM u BeicoTron H =2™M 
u OOBEMHBIM 
Q=172,8 m3/4. 

Take y4TeM, 4TO JWIMHa BOOCa epiia Db = 
8*10-4 M, WpowoubHat CKOpOCTb TeuyeHHA 
Vy = 8*10% M/c, a tlomepeyHaa V; = 8*10% M/c, 
TONMMHA 32PdeKTHBHOrO TOrpaHcIOd %#UAKOCTH, 


pacxOJIOM CTOUHBIX BO 


. 5 
lIpopearupoBaBllen C BOJIOCOM epia 4ag = 10° M, 
WuaMeTp BO3yYWIHOrO Hy3bIpxa o2 = 10° M, 


BOKpyr 
ny3biIps¢q Oz = 2,5*10°° M, MIOTHOCTb BO3YIIHbIX 


ToNMMHa o3deKTHBHOrO MNMorpaHciosd 


ny3biped Az= 10° m?, momaqb monepewHoro 
2 


ceyeHua IHpiaHybl c epmiamu S$ = 0,16 Mm’, 
IWIOTHOCTB HpuMecw B- TBepJOM cCOCTOAHHM 
or =10 xr/mM?. 

Havyem WWimMpvHy kaHana 6, UCHOub3yA 


(bopmysy (2) , W3 pacueTa, 4TO WIMHa peOpa 

%KUIKOrO KyOuKa OyeT paBHa a = 1,3*10-4 mM u 

obec 4YHCIO BOIOC BO BCeEM OObeEMe ONOPeKTOpa 
Noz — 107. 

(1.3*10-7)° *10/ 
| 2 emcee Al 
10 
TOrgqa NOJYIMM, ITO CpeTHAA WIOTHOCTb BOJIOC 


2.2 M, (58) 


k1 110 dopmysie (3) 


_10" 


re ~4.5*10° Mm. (59) 


Haiijjem yKJIOH Kameppbi h 10 dopmyse (31). Jui 
3TOTO HOACuNTaeM 4NcTO PewHombAca 


16*8*10~ 
Re = i =1275. (60) 
1.004 *10— 
V3 pucyuka B [10] cnenzyeT, 4TO WIA TaHHOrO 
yqucia PeiHombyca KOIPMUUMeHT COMpPOTHBIICHHA 
C,=1. 
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So, for the channel, which length is twice the 
height, the brushes density remained virtually 
unchanged throughout the volume. In other 
cases it 1s significantly increased at the end of 
the treatment facility. 

The example of calculation of treatment 
chambers based on the above mentioned 
processes. For calculation of treatment plants 
parameters let’s take a liquid with initial 
impurity concentration po = 10 ke/m° and pass 
it through the treatment plant of length L = 5 m 
and height H = 2 m and with the wastewater 
volume flow of Q = 172.8 m*/h. 

Also let’s take into account that the length of 
a brush hair b = 8*10° m, the longitudinal flow 
velocity Vy = 8*/0” m/s, and the transverse one 
Vi = 8*107 m/s, the thickness of the effective 
liquid boundary layer interacted with the brush 
hair Ado = 10° m, the diameter of an air bubble 
07 = 10° m, the thickness of the effective 
boundary layer around the bubble 6, = 2.5 *10° 
m, density of air bubbles k2= 10° m>, the cross- 
sectional area of the set of brushes S = 0.16 m’, 
the density of the impurity in the solid state 
pr = 10 kg/m’. 

Let’s find the width of channel B, using the 
formula (2), on the basis that the edge length of 
the cube of liquid is equal a = 1.3*10-7 m, and 
the total number of hairs in the whole volume of 
bioreactor No; = 10’. 

preme (C 
10 


then we get, that the average hair density k’ 
is according to the formula (3) 


10! 5 3 


~ 2.2 M, (58) 


Let’s find the chamber inclination h by the 
formula (31). To do this, we calculate the 
Reynolds number 


0.16*8*10~> 

ane 
1.004* 10 

From the figure in [10] it follows that for a 


~1275. (60) 


given Reynolds number the _ resistance 


coefficient C, = | 


a 


2 me 7 pana a a r 
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Safety of T 
errr ee) 
py = ote 3 9%19% ay 
2*9.8 
(61) 
IIpu aHHErx tapamMetpax compoTuBseHHue 


eplieH HMYTOKHO MasIO WM erO MOXKHO He 
YU4UTBIBATb. 


PaccuuTaeM BpeMaA 3aIMmaHHa epmleH fsa, MO 


(8*10°)° 
2*9.8 
Under these parameters, the resistance of 


h=1 ~3,2*10°° u (61) 


brushes is negligible and can be ignored. 
Let's find the brushes sticking time f,,, by 


the formula (50). We assume that the maximum 


possible thickness of the adhered impurities 


50). I 
Hep Me: HOU): Pea nO an “ae UPetenee ABnpex = 3*10° m and the diameter of a clean 


BO3MO2%KHa TOMMHa Hane WpuMecH ABnpex, = 4 
hair ABo = 2,5*10™ m. 


3*10-2 M, a QuametTp uuctoro Bomoca ABo = 
2,5*1074 M. 

G =0.03° +0.037 *0.04025 + 0.03*1.002*10 > = 6.35*10> Mm, (62) 

Lan 
_ Sateen 2.107 #10! w3, (63) 

2% 7 *107 

saa) Pepe) 

— 6.35*10° . —-1.3*10 v4.9*109 c. (64) 


t ei a 
“ 2.107*107'' Jo,0082 +0.00082 


Bpema 3a1MiaHHud Ip TaKUX YCUOBMAX OKOIO 
1,5 Mecata. 
paOoTe 
paccMOTpeHbI TyiaBHble (aKTOPbI, BIMAOUMe Ha 


BBIBOJIbI. B yCTaHOBJICHbBI HU 
TIpowecc OUMCTKH %XATKOW cCpebl BOJIOCAHbIMU 
epllaMu UW a9spalMen. BarancyeHbl WIA 3aqaHHOU 
CTeneHH OYMCTKH HeOOXOAMMBIM Yyroll HaksIOHa 
KaMepbl JIA MWpeowOueHuA TMAPOAMHAMMYeCKOrO 
CONpOTHBIICHHA UU BNeMA 3aIMNaHHA eplleHn. 
YuTeHbI BCe BbIMIeMepeduuCsIeHHble (aKTOpbl pu 
pacueTe  peasIbHbIx 


ycTpovctTs. i IlpuBeyeu 


4MCJICHHBIM + IpwMep pacueTa onpeyesIeHHoro 


O4MCTHOFO COOpy>xKeHHA. 
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The sticking time under such conditions 1s 
about 1.5 months. 

Conclusion. In the work the main factors 
stated and 
influence the purification process of liquid 


have been considered which 


medium by hair brushes and aeration. For a 
given degree of purification the desired angle of 


camera inclination to overcome the 


hydrodynamic resistance and brushes sticking 
time were calculated. All the above mentioned 
factors were taken into account in real devices 
calculation. Numerical example of calculation 
of a specific treatment plant is provided. 
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